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We present the Higgs mechanism in the context of the EW-scale νR model in which
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handed neutrino through the exchange of one fundamental Higgs doublet and one fun-
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1. Introduction
It is generally agreed that the Standard Model (SM) is an incomplete theory since
there remains many questions which necessitates a framework that goes beyond the
SM (BSM). The origin of the (tiny) neutrino masses is one of them.
There have been many ”explanations” for the smallness of neutrino masses. The
most popular mechanism is the see-saw mechanism1 in which light neutrino masses
take the form m2D/MR, where mD is the Dirac mass coming from a lepton-number
conserving term and MR is the Majorana mass coming from a lepton number vio-
lating term. The nature of these two mass scales is very model-dependent. In the
simplest version of see-saw mechanism, right-handed neutrinos are SM singlets and
this Majorana mass term is huge compared with the Dirac mass term (which is pro-
portional to the electroweak scale) in order to preserve a tiny mass m2D/MR for the
lighter of the two eigenstates. It goes without saying that the right-handed neutrinos
in this scenario are sterile and practically undetectable. What if right-handed neu-
trinos are non-sterile? Ref.2 proposed just such a model called the EW − νR model
in which right-handed neutrinos are non-sterile and have masses proportional to
the electroweak scale ΛEW ∼ 246 GeV . In the EW-scale νR model, it is possible to
detect right-handed neutrinos.
The first version of EW-scale νR model
2 was published in 2007 in which the focus
of interest is an explanation of the tiny mass of neutrino with right-handed neutrino
at the electroweak scale. In the following years, some important issues of the model
such as lepton flavor violating processes, consequences of Pati-Salam unification
of active right-handed neutrino, Higgs contents are discussed in.3–5 This model
also satisfy the constraints from the precision electroweak data6 and its extended
version7 agrees with the experiment data of the 125-GeV SM-like Higgs boson. This
undoubtedly affirms the viability of this model. The implications for the extended
model for neutrino masses and mixings, lepton flavor violating decays and the search
for mirror quarks at the LHC (Large Hadron Collider) were recently discussed.8–10
In this manuscript, we study the Dynamical Symmetry Breaking of the EW-
scale νR model. The SM is spontaneously broken by the Higgs potential of the form
V (φ) = −µ2φ+φ + λ (φ+φ)2, where φ is an elementary scalar field. This leaves
many often-asked questions such as: why µ2 is positive, or the hierarchy problem:
why the electroweak scale v is smaller than the Plank scale MP by many orders of
magnitude. The most popular way to deal with this problem is to use the cancella-
tion between the quadratically-divergent contributions of fermion and that of boson
proposed in some interesting models come along with the Supersymmetry (SUSY),
Little Higgs, Twin Higgs, etc...11 Another idea can be found in the idea of Large
Extra Dimensions, Higgsless models11 where the extra dimensions play an essential
rule to avoid the hierarchy problem. Another class of models that does not involve
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elementary scalar fields is one in which symmetry breaking is realized dynamically
through condensates of bilinear fermion fields. There are many models of this type
such as: composite Higgs models, Technicolor (TC), Extended TC, top-color, etc...11
In this work, we will present a scenario in which the EW-scale νR model is dynam-
ically broken by a condensate. This scenario is based on the presented in Ref.12 In
Ref.,12 Dynamical Electroweak Symmetry Breaking (DEWSB) was accomplished
by condensates on the one of the 4th generation fermions through the exchange of a
fundamental Higgs doublet that has no µ2φ+φ term. In particular, this fundamen-
tal Higgs doublet is assumed to be massless and has no vacuum expectation value
(VEV) at tree level. The model is assumed to be scale-invariant at tree-level.
The Schwinger-Dyson equation was written down for the fermion self-energy. It
was shown that when αY = g
2
Y /4pi ≥ pi/2, the solution to the SD equation admits a
condensate solution. Condensate of the form 〈t¯′Lt′R〉 can be written in terms of the
t′ self-energy. From this scenario, it would be possible to define a physical cutoff
scale of O(TeV). How to get the condensate states and the Higgs mechanism will
be the aims of this paper.
The organization of the paper will be as follows. A brief introduction to the EW-
scale νR model will first be given. By using the Schwinger-Dyson (SD) approach, we
then obtain the conditions under which the condensates get formed in the Higgs-
Yukawa system. We next calculate the evolution of the Yukawa couplings at the
one-loop level and constraint their initial values so that the condition for condensate
formation occurs at an energy scale of O(1 TeV ) which is close to the location of the
Landau pole. We then discuss issues of DEWSB related to the mechanism of mass
generation. Implications of our results concerning the nature of the light neutrino
mass are presented in next section. We end with the discussion our results and
conclusions.
2. The EW-scale νR model in a nutshell
Here we will only give a brief introduction to the EW-scale νR model. The mo-
tivation for constructing of2 was to give an explanation for one of the important
questions in particle physics: why neutrinos have tiny masses. One crucial question
is the following: How do we test experimentally a model which can provide a natu-
ral explanation for the smallness of neutrino masses? The EW-scale νR model
2 was
constructed with such aim in mind. As we have mentioned in the Introduction, a
crucial test of the seesaw mechanism would be the detection of right-handed neutri-
nos. This is possible in the EW-scale νR model because right-handed neutrinos are
parts of SU(2) doublets along with their charged mirror leptons. The gauge group
of the EW-scale νR model is SU(3)c×SU(2)W ×U(1)Y . More details can be found
in.2 We only present here fermion fields, Higgs fields and their interactions.
October 30, 2018 20:30 WSPC/INSTRUCTION FILE DEWSBNuR.NNLe
4 Pham Quang Hung and Nguyen Nhu Le
2.1. Fermion contents
In addition to the SM particle content the EW-scale νR model
2 contains the sup-
plemental fields shown in Table 1
Table 1. Fermion fields in the EW-scale νR model.
SM fermion fields SU(2)W ⊗ U(1)Y Mirror fermion fields SU(2)W ⊗ U(1)Y
lL =
(
νL
eL
) (
2,−1
2
)
lMR =
(
νR
eMR
) (
2,−1
2
)
eR (1,−1) eML (1,−1)
qL =
(
uL
dL
) (
2,
1
6
)
qMR =
(
uMR
dMR
) (
2,
1
6
)
uR
(
1,
2
3
)
uML
(
1,
2
3
)
dR
(
1,−1
3
)
dML
(
1,−1
3
)
2.2. Higgs contents
As it is discussed in,2 the fermion bilinear lM,TR σ2l
M
R giving rise to a Majorana
mass term for the right-handed neutrinos. A singlet Higgs field is ruled out because
its non-zero VEV would break charge conservation.2 Hence, a triplet Higgs is an
appropriate choice. Nevertheless, if there exists only one Higgs triplet then the
custodial symmetry, ρ = 1, can not be preserved at tree level. Ref.2 introduced an
additional Higgs triplet. To generate a neutrino Dirac mass term, a singlet Higgs
field φS was introduced.
2 SM quark and charged lepton masses are obtained by a
coupling to a Higgs doublet Φ2
2 and those of mirror quarks and charged leptons
come from a coupling to a second Higgs doublet Φ2M .
7 The latter was needed7 in
order to accommodate the discovery of the 125-GeV scalar at the LHC.13 Higgs
fields transforming under SU(3)c × SU(2)W × U(1)Y are listed as follows.
• Higgs triplets
χ˜ =
1√
2
~τ · ~χ =
(
1√
2
χ+ χ++
χ0 − 1√
2
χ+
)
= (1, 3, Y/2 = 1) , (1)
ξ =
ξ+ξ0
ξ−
 = (1, 3, Y/2 = 0) . (2)
Higgs triplets such as in Eq. (2) were considered earlier in.14
χ =
 χ0 ξ+ χ++χ− ξ0 χ+
χ−− ξ− χ0∗
 . (3)
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• Higgs doublets
Φ2 =
(
φ+2
φ02
)
= (1, 2, Y/2 = 1/2) , (4)
Φ2M =
(
φ+2M
φ02M
)
= (1, 2, Y/2 = 1/2) . (5)
• Higgs singlet
φS = (1, 1, Y/2 = 0). (6)
2.3. Yukawa interactions
The interaction between Higgs and fermion fields in the EW-scale νR model can be
found in2 and.5–7 In the case of SM fermions, we have the usual generic Yukawa
interactions for quarks and leptons.
LY SM = −gijΨ¯LiΦ2ΨRj + h.c.. (7)
For mirror fermion we need to consider the terms
LeM = −geM l¯MR Φ2MeML + h.c., (8)
LqM = −gdM q¯MR Φ2MdML − guM q¯MR Φ˜2MuML + h.c., (9)
LνR = gM lM,TR σ2τ2χ˜lMR , (10)
LSl = −gSl l¯LlMR φS + h.c., (11)
LSq = −gSq q¯MR qLφS − g′Sq q¯ML qRφS + h.c.. (12)
Notice that, by imposing a global U(1) symmetry on the fermion and scalar sectors,
the only allowed Yukawa couplings to the singlet scalar φS are shown in Eqs. (11)
and (12). The details of this global symmetry can be found in Ref.2 and Ref.7 The
interactions given by Eqs. (10) and (11) would provide Majorana and Dirac masses
for the right-handed neutrinos respectively.
3. The SD approach to condensate formation in the Higgs-Yukawa
system
In this section we inquire into the conditions for which fermion bilinear condensates
can get formed. As mentioned in,12 for an initial value of the Yukawa coupling which
is large enough, the heavy fourth generations condense through the exchange of a
fundamental Higgs doublet when the Yukawa coupling exceeds a certain critical
value. The electroweak symmetry breaking is then driven by such a fermion bilinear
condensate. By applying the apparatus developed in12 to the EW-scale νR model,
the critical Yukawa couplings will be derived.
Let us recall that the EW-scale νR model is spontaneously broken by the VEVs
of both Higgs triplets and doublets,27 We consider two types of condensates here:
that which is generated by the exchange of the fundamental Higgs triplet χ˜ between
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two right-handed neutrinos and the other which is generated by the exchange of the
fundamental Higgs douplet Φ2M between two mirror quarks. To preserve custodial
SU(2)D symmetry, one assumes that non-zero expectation values for quark bilin-
ears in the EW-scale νR model satisfy the conditions: 〈U¯ML UMR 〉 = 〈D¯ML DMR 〉. This
condition is satisfied by assuming guM = gdM = gqM .
It is common to study the evolution of Yukawa couplings by investigating their
β functions. We restrict our discussion to the study of energy scale at which Landau
poles appear, the β functions of Yukawa couplings are then calculated up to one
loop order. These functions together with the critical Yukawa couplings given by SD
equations define the scale of condensation, that is to say, the electroweak symmetry
breaking scale. At that scale, our model will gain the additional composite Higgs,
namely, composite Higgs doublet and composite Higgs triplet formed from right-
handed neutrino and mirror fermions. This issue will be shown in the next section.
In the following analysis we have made the following assumptions
• It will be assumed in our discussion of condensate formation that the fun-
damental Higgs fields are massless. These fields then have no VEV at tree
level.
• Triplet condensates form from νR condensate; doublet condensates form
from qM condensate; no other condensates; φ02 and ξ
0 develop VEVs
through couplings (see below).
Let us begin by considering the Yukawa Lagrangians given by Eqs. (9) and (10)
which are directly related to condensates. The SD equations for the right-handed
Fig. 1. Graph contributing to the right-hand side of the SD equation for the (a) right-handed
neutrino self-energy ΣνR , (b) mirror quark self-energy ΣqM .
neutrino νR and mirror quark q
M self-energy which relevant Feynman diagrams
drawn in Fig. 1 read
ΣνR(p) =
g2M
(2pi)4
∫
d4q
1
(p− q)2
ΣνR(q)
q2 + Σ2νR(q)
, (13)
ΣqM (p) = 2×
g2qM
(2pi)4
∫
d4q
1
(p− q)2
ΣqM (q)
q2 + Σ2
qM
(q)
. (14)
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By converting Eqs. (13), (14) to differential equations and setting ανR =
g2M
4pi , αqM =
g2
qM
4pi , Eqs. (13) and (14) become
ΣνR(p) = −
(
ανR
αcνR
)
ΣνR(p)
p2 + Σ2νR(p)
, (15)
ΣqM (p) = −
(
αqM
αc
qM
)
ΣqM (p)
p2 + Σ2
qM
(p)
, (16)
with the following boundary conditions{
limp→0 p4
dΣνR (p)
dp2 = 0
limp→Λ p2
dΣνR (p)
dp2 + ΣνR(p) = 0
, (17)
{
limp→0 p4
dΣqM (p)
dp2 = 0
limp→Λ p2
dΣqM (p)
dp2 + ΣqM (p) = 0
, (18)
and the critical Yukawa couplings of right-handed neutrino and mirror quark are
αcνR = pi, (19)
αcqM =
pi
2
, (20)
where we have assumed that ΣuM (p) = ΣdM (p) = ΣqM (p). The numerical and
analytic solutions to these differential equations are similar to those proposed in.12
The values given in Eqs. (19) and (20) are called critical values since in16 there are
two classes of asymptotic solutions at large momentum for different values of α.
Above these critical values, the solutions to these SD equations for mirror fermions
have the form of bound states.
Next, the quantity which is closely related to the dynamical breaking of the EW
symmetry is the condensates of the mirror quarks and right-handed neutrinos. We
have
〈u¯ML uMR 〉 = 〈d¯ML dMR 〉
≈ − 3
pi2
(
αcuM
αuM
)
ΛΣ2uM (0) sin
[√
αuM
αc
uM
− 1
]
. (21)
Likewise, the condensate state of right-handed neutrino would be
〈νTRσ2νR〉 ≈ −
1
pi2
(
αcνR
ανR
)
ΛΣ2νR(0) sin
[√
ανR
αcνR
− 1
]
(22)
As mentioned in,12 the cut off Λ in Eqs. (21) and (22) could be as low as O(TeV)
in order to avoid the fine tuning scenario. Therefore, these condensates are directly
related to vχ and vΦ2M , namely
〈νTRσ2νR〉 ∼ O(−v3χ), (23)
〈q¯ML qMR 〉 ∼ O(−v3Φ2M ), (24)
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where it will be seen later that vχ, vΦ2M are the induced VEV of χ, Φ2M , respec-
tively. It will shown below that vχ and vΦ2M are of the order of EW scale then no
fine tuning is required if Λ ∼ O(1 TeV).
4. One-loop β functions for Yukawa couplings in the EW-scale νR
model
As the previous section pointed out, to get condensates with the absence of fine
tuning problem, the cut-off Λ of new physics should be of the order of O(1 TeV ).
Hence, the one-loop β function will be calculated in this section in order to find the
appropriate initial Yukawa couplings from which condensates form and the Landau
poles appear at that scale.
The one-loop contributions to the Yukawa coupling renormalization constant are
composed of four terms: vertex corrections, fermion self-energy, scalar self-energy
and gauge interactions. At high energies, the gauge couplings are small compared
with the Yukawa couplings and their contribution to the β-function will be ne-
glected. For this reason, to compute one-loop β function we need only consider the
first three terms. The evolution of Yukawa couplings of right-handed neutrinos and
mirror fermions in the EW-scale νR model
2 are given by
16pi2
dgM
dt
=
13
2
g3M +
1
2
(geM )
2
gM , (25)
16pi2
dgeM
dt
=
11
2
(geM )
3
+
3
4
g2MgeM , (26)
16pi2
dgqM
dt
= 6
(
gqM
)3
. (27)
These Renormalization Group Equations (RGEs) can be solved numerically17 and
the results depend on initial Yukawa couplings. However, one may query the impli-
cations of the initial Yukawa couplings chosen once solutions to RGEs was found.
Why some observable quantities, such as masses were not used as initial values in
this situation. The answer would rely on our current paper’s hypothesis that matter
acquires no mass until DEWSB. Therefore, these initial Yukawa couplings would
infer some physical quantities from a different point of view where EWSB occurs,
say, the naive masses.12 From now, the solution to RGEs can be investigated by
using initial values of naive mirror fermion masses in the EW-scale νR model.
The bounds on masses of mirror fermions was presented in7 using characteristics
of the 2012 discovery of LHC of the 125 GeV boson. This boson was assumed to
exist in two states: Dr. Jekyll or Mr. Hyde depending on the influence of neutral
Higgs H01 . While in Dr. Jekyll state in which H
0
1 as a dominant component tend
to behave more like the SM Higgs boson, the Mr. Hyde state with H01 as a sub-
dominant component is very different. The upper bounds on masses of fermions in
the EW-scale νR model in scenarios Dr. Jekyll and Mr. Hyde are 120 GeV and 700
GeV, respectively.
The solution to RGEs can be investigated by using proper initial values of naive
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Fig. 2. The evolution of Yukawa couplings where the initial masses of νR, e
M and qM are
200 GeV, 102 GeV and 202 GeV, respectively. The blue and green arrows indicate the energy
values where the Higgs triplet χ and Higgs doublet Φ2M correspondingly get VEVs.
mirror fermion masses in the EW-scale νR model. These values are satisfied the case
as initially pointed out, where triplet and doublet condensates form from νR and
qM condensates. In particular, Fig. 2 shows the situation where the initial masses
of νR, e
M and qM are 200 GeV, 102 GeV and 202 GeV, respectively. As shown in
Fig. 2, the Yukawa couplings increase dramatically as energy increases and Ladau
pole singularities appear at t = 1.50 (E = 2.89 TeV). By using the critical values of
Yukawa couplings found above, we immediately find that the values of t at which
condensates of right-handed neutrino and mirror quark arise are estimated to be
1.19 and 1.09, respectively, i.e. at the order of O(1 TeV). Then the Higgs fields
χ,Φ2M will get VEV through condensations of fermions.
5. DEWSB in the EW-scale νR model
In this section we present how electroweak symmetry is dynamically broken. To
study DEWSB, the elementary scalar fields in the EW-scale νR model are assumed
to have no VEVs at tree level.12 The scale-invariant potential for fundamental Higgs
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can be written as
Vf = Vf (Φ2,Φ2M , χ) = λ1
[
TrΦ+2 Φ2
]2
+ λ2
[
TrΦ+2MΦ2M
]2
+ λ3
[
Trχ+χ
]2
+λ4
[
TrΦ+2 Φ2 + TrΦ
+
2MΦ2M + Trχ
+χ
]2
+λ5
[(
TrΦ+2 Φ2
) (
Trχ+χ
)− 2(TrΦ+2 τa2 Φ2 τ b2
)(
Trχ+T aχT b
)]
+λ6
[(
TrΦ+2MΦ2M
) (
Trχ+χ
)− 2(TrΦ+2M τa2 Φ2M τ b2
)(
Trχ+T aχT b
)]
+λ7
[(
TrΦ+2 Φ2
) (
TrΦ+2MΦ2M
)− (TrΦ+2 Φ2M) (TrΦ+2MΦ2)]
+λ8
[
3Trχ+χχ+χ− (Trχ+χ)2] , (28)
from which the Higgs fields have no mass terms. This assumption is, however, invalid
at low energy. Under the condensate scale, the fundamental Higgs fields would be-
come the composite Higgs fields. Let us consider the case mentioned in the previous
section where Higgs triplet and Higgs doublet condensates form from νR and q
M
R
condensates. The Higgs effective potential can be written in terms of fundamental
Higgs and the additional composite Higgs Φ2Mc and χ˜c, in particular
Veff = Veff (Φ2,Φ2M , χ˜, ξ,Φ2Mc, χ˜c). (29)
Instead of investigating the explicit expression of the Higgs effective potential, the
issue of mass generation here would be the main focus. It turns out that the potential
given in Eq. (29) is no longer scale-invariant and the Higgs fields will acquire masses
due to the appearance of condensates. The contributions of induced µ2 of χ0 and
φ02M to the Higgs effective potential come from the dimension 5 operators involving
the neutral fundamental scalar χ0 and φ02M
1
2
{
g2M
ΣνR(0)
(
νTRσ2νR
)} ∣∣χ0∣∣2 , (30)
1
2
{
g2qM
ΣqM (0)
(
u¯ML u
M
R + d¯
M
L d
M
R
)} ∣∣φ02M ∣∣2 , (31)
where ΣνR(0), ΣqM (0) are the dynamical masses of right-handed neutrino and mirror
quark, respectively. When condensates get formed, these terms will give rise to the
following negative effective mass squared terms for χ0 and φ02M as follows
1
2
g2M
ΣνR(0)
〈νTRσ2νR〉
∣∣χ0∣∣2 , (32)
g2qM
ΣqM (0)
〈u¯ML uMR 〉
∣∣φ02M ∣∣2 , (33)
which are illustrated in Fig. 3.
In the case of the fundamental Higgs ξ which has no interaction with fermions, a
mass term for ξ0 can be obtained through quadratic interactions with χ0 and φ02M .
The corresponding Feynman diagrams are shown in Fig. 4a. and contributions of
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Fig. 3. Diagram giving mass to (a) χ0, (b) φ02M .
induced µ2 of ξ0 to Higgs effective potential involving the neutral fundamental scalar
ξ0 are as follows
1
2
{
g2M
ΣνR(0)
〈νTRσ2νR〉I(1)χ +
2g2qM
ΣqM (0)
〈u¯ML uMR 〉I(1)φ2M
}∣∣ξ0∣∣2 , (34)
where the integrals I
(1)
χ and I
(1)
φ2M
are given by
I(1)χ =
4λ3 + λ4 − λ8
16pi2
ln
(
Λ2
m2
)
, (35)
I
(1)
φ2M
=
4λ4 + 2λ6
16pi2
ln
(
Λ2
m2
)
, (36)
with Λ being a cutoff proportional to the condensate scale and m being a renor-
Fig. 4. Diagram giving mass to (a) ξ0, (b) φ02.
malization scale. Similarly, Feynman diagrams generating mass for φ02 are shown in
Fig. 4b and one has the same form for
∣∣φ02∣∣2 term as follow
1
2
{
g2M
ΣνR(0)
〈νTRσ2νR〉I(2)χ +
2g2qM
ΣqM (0)
〈u¯ML uMR 〉I(2)φ2M
}∣∣φ02∣∣2 , (37)
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where the integrals I
(2)
χ and I
(2)
φ2M
are given by
I(2)χ =
8λ4 − 4λ5
16pi2
ln
(
Λ2
m2
)
, (38)
I
(2)
φ2M
=
8λ4 + 2λ7
16pi2
ln
(
Λ2
m2
)
. (39)
One can see that the VEV’s vanish when the condensates vanish. The presence of
the terms in Eqs. (32), (33), (34) and (37) enables the fundamental Higgs fields to
get non-zero VEVs. The VEVs of χ, ξ,Φ2 and Φ2M are assumed to be vχ, vξ, vΦ2
and vΦ2M , respectively. When χ, Φ2 and Φ2M get VEVs
〈χ〉 =
vχ 0 00 vξ 0
0 0 vχ
 , (40)
〈Φ2〉 =
(
vΦ2/
√
2 0
0 vΦ2/
√
2
)
, (41)
and
〈Φ2M 〉 =
(
vΦ2M /
√
2 0
0 vΦ2M /
√
2
)
, (42)
the symmetry is dynamically broken from global SU(2)L ⊗ SU(2)R down to the
custodial SU(2)D. A detailed discussion of the minimization of the Higgs effective
potential is in progress. At tree level, the gauge boson masses are obtained by kinetic
part of the Higgs Lagrangian
Lkin = 1
2
|∂µφS |2 + 1
2
Tr
[
(DµΦ2M )
+
(DµΦ2M )
]
+
1
2
Tr
[
(DµΦ2)
+
(DµΦ2)
]
+
1
2
Tr
[
(Dµχ)
+
(Dµχ)
]
, (43)
where
DµΦ2 ≡ ∂µΦ2 + ig
2
(W · τ) Φ2 − ig
′
2
Φ2Bτ3, (44)
DµΦ2M ≡ ∂µΦ2M + ig
2
(W · τ) Φ2M − ig
′
2
Φ2MBτ3, (45)
Dµχ ≡ ∂µχ+ ig (W · T )χ− ig′χBT 3, (46)
and τi/2, T
i are the 2× 2 and 3× 3 representation matrices of SU(2) respectively.
One gets
m2W =
g2v2
4
=
g2
4
(
v2Φ2 + v
2
Φ2M + 4v
2
ξ + 4v
2
χ
)
, (47)
m2Z =
g2
4 cos2 θW
(
v2Φ2 + v
2
Φ2M + 4v
2
ξ + 4v
2
χ
)
. (48)
At tree level, ρ = 1, when proper alignment of the two VEVs is assured, we obtained
vξ = vχ. (49)
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In order to satisfy Eq. (49), one puts a constraint on the parameters appearing in
Eq. (34). This is so in order to guarantee that we have a custodial symmetry. In
this situation,
v2 = v2Φ2 + v
2
Φ2M + 8v
2
χ. (50)
6. VEV of the Higgs singlet φS
When condensate states get formed, the fundamental Higgs singlet φS simulta-
neously develops VEV which gives a Dirac mass to the neutrinos. As discussed
in,2 the Dirac neutrino mass comes from the Lagrangian given in Eq. (11). With
〈φS〉 = vS , one obtains a Dirac neutrino mass mD = gSlvS . As in,2 since the light
neutrino masses ∼ m2D/MR are constrained to be < O(eV) and MR ∼ O(ΛEW ),
it follows that mD = gSlvS < O(10
5 eV). From,9 gSl is constrained to be less
than 10−3 using the present upper bound on the rate of µ→ eγ. This implies that
vS < 100 MeV < ΛEW . We show below that the induced vS is indeed so.
After DEWSB occurs, the VEV of φS could be roughly estimated through con-
densate states. Feynman diagrams in Fig. 5 show how φS develops VEV. Let us first
Fig. 5. Diagram giving VEV to φS : (a) from right-handed neutrino self-energy, (b) from mirror
quark self-energy.
consider Fig. 5a. The right-handed neutrino self-energy ΣνR would be proportional
to the condensate scale Λcond, ΣνR ∼ Λcond. The |φS |2 term then has the following
form
g2Sl
16pi2
ΛΛcond |φS |2 ∼ g
2
Sl
16pi2
Λ2cond |φS |2 , (51)
where the momentum cutoff is Λ ∼ Λcond. Since from recent studies of µ → eγ,9
gSl ≤ 10−3 and more like 10−5, then one obtains
g2Sl
16pi2
Λ2cond |φS |2 ∼ 10−12Λ2cond |φS |2 . (52)
The scale of the φS-VEV will then be expected to be proportional to 10
−6Λcond
which is roughly one wants. Therefore, the induced VEV of φS comes out ”naturally”
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small. Similarly, one could get the same order of induced VEV of φS coming from
Fig. 5b if we assume gSq ∼ g′Sq ∼ gSl.
The induced VEV of φS emerges ”naturally” small as a result of the constraint
gSl ≤ 10−3 studied in.9 Turning this argument around, the smallness of neutrino
masses implies that gSl has to small within the present framework. The implication
of this result will be presented elsewhere.
7. Conclusions
As with the 4th-generation scenario of,12 we started out in this paper with the EW-
scale νR model with massless scalars at tree level. The Higgs fields will become com-
posite Higgs when fermions in the EW-scale νR model condense. Condensates and
critical values were dynamically investigated within the framework of SD approach.
If initial values of the Yukawa coupling exceed corresponding critical values, the
condensation of right-handed neutrino and mirror fermions through the exchange
of fundamental Higgs occur. By studying of the evolution of one-loop β functions
of Yukawa couplings, we have also shown that the energy where condensate states
form is at the the order of ∼ O(1 TeV). The electroweak symmetry breaking is
then driven by fermion bilinear condensates at that scale. In the present work, the
case where condensates of νR and q
M give rise to composite Higgs χ˜c and Φ2Mc was
considered. After the formation of right-handed neutrino and mirror quarks conden-
sates, Higgs triplet χ and Higgs doublet φ2M will develop VEVs through induced
µ2 terms. The others, φ2 and ξ acquire masses because of quadratic couplings with
χ0 and φ02M . The global SU(2)L ⊗ SU(2)R symmetry is then dynamically broken
down to the custodial SU(2)D.
This study actually provides an interesting result. First, a model of DEWSB was
provided where νR’s and mirror quarks obtained dynamical masses proportional to
ΛEW . The other interesting feature of this work is that within the framework of
DEWSB, the induced VEV of φS would be naturally smaller than the electroweak
scale because of the smallness of gSl. This implies that mD  MR and the light
neutrinos are naturally light. Last but not least, there is also a recent interest
concerning the possibility that the Higgs boson is a composite of neutrinos.18
The model presented in this paper is scale-invariant at tree-level above the con-
densate scale. Scale invariance is broken at ”low energy” and it is an interesting
question to see if there are any phenomenological consequences. This question is
under investigation.
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